T HE MOST COMMON CAUSE of endogenous Cushing's syndrome (CS) is an excessive ACTH secretion by a pituitary adenoma (80-85% of cases). The ectopic secretion of ACTH by non-pituitary tumors accounts for about 10-15% of cases and, very occasionally, CS may be due to a tumor that secretes corticotropin-releasing hormone (CRH). Adrenocortical adenoma (15-20%) and, less frequently, adrenal carcinoma or bilateral macro-o micro-nodular hyperplasia (1) are responsible for the ACTH-independent forms of CS.
As demonstrated by Sederberg-Olsen et al. (2) , patients with CS (whatever its cause) have episodic cortisol secretion and pituitary-dependent CS seems to be characterized by a more frequent and more severe secretory episodes than ectopic or ACTH-independent forms. The episodic cortisol secretion may, however, be part of a more complex clinical picture involving cyclic or periodic forms of CS that may pose unusual diagnostic problems.
Cyclic CS is a disorder in which rhythmic fluctuations in ACTH secretion result in a more or less predictable cyclic variation in adrenal steroid production. It occurs in a small subset of CS patients and coincides with highly variable levels of glucocorticoid secretion, alternating more or less regularly between normal and high values, following a clinical course of intermittent, cyclic or periodic symptoms of hypercortisolism. Though it is uncommon, cyclic CS is seen more in children than in adults (3) (4) (5) .
Due to the frequently varying in cortisol secretion levels and the potentially cyclic or periodic hypercortisolism, hormone assessment is recommended on at least two, preferably three separate days when a diagnosis of CS is suspected.
Clinically, cyclic CS may present with one or many symptoms, depending on the duration of the disease activity and the timing of the fluctuations that can vary from a few days to several months (6, 7) . The results of dynamic tests for diagnosing CS are easier to interpret during a sustained period of hypercortisolism, whereas they may prove difficult during cyclic episodes because paradoxical responses to dexamethasone may reflect an increasing or decreasing endogenous activity instead of the action of the agent administered (8, 9) . The physiopathology of this condition remains to be clarified, though several possible mechanisms have been proposed.
Normal cortisol secretion between cycles may complicate medical therapy because patients may show unexpected clinical and biochemical signs of hypocortisolism.
CAUSES AND LIKELY MECHANISMS IMPLICATED IN THE PHYSIOPATHOLOGY OF CYCLIC CS
A cyclic behavior may be a feature of different forms of CS (ACTH-dependent or -independent CS). The most frequent causes of cyclic CS are associated with ACTH-secreting pituitary adenoma (6-9), but it has also been reported in association with a well-differentiated neuroendocrine tumor (typical bronchial carcinoid) and malignant carcinoid tumor of the lung (10, 11) , oncocytic carcinoid of the kidney (12), bronchial adenoma (13), ectopic ACTH secretion by a pheochromocytoma (14) , adrenal adenoma (15) and rare forms of the pigmented variant of micronodular adrenocortical hyperplasia (primary pigmented nodular adrenocortical disease, or PPNAD) (3, 4, 16) . This rare type of CS generally occurs as part of the Carney complex: a cyclic cortisol secretion has been described in 14% of such patients, characterized by periods of clinical symptoms due to hypercortisolism followed by periods of normal cortisol secretion and normal clinical signs (3, 17) . The length of these periods varies considerably, ranging from weeks to months. Data suggesting a hypothalamic origin of cyclic CS come from Beckers et al. (18) , who described a patient with intermittent CS following a cortisol hyperpulsatile pattern, who had a sustained response to sodium valproate treatment. Sodium valproate is known to cause an increase in gamma amino-butyric-acid (GABA), which in turn inhibits CRH secretion. Watanobe et al. (19) suggested that rhythmic fluctuations in ACTH secretion may also be due to a cyclic change in central dopaminergic tone, which is partially responsible for triggering periodic ACTH secretion.
Another explanation put forward is that spontaneous, episodic hemorrhages occur in the tumor, resulting in temporary damage to actively secreting cells (20) , or the synchronous growth and death of ACTH-secreting tumor cells. Moreover, pituitary apoplexy can induce a remission of CS (21, 22) , so a careful follow-up is mandatory in these patients to establish the real course of the disease.
Jordan et al. (23) said that a serotoninergic influence may somehow be involved in the pathogenesis of cyclic CS, since urinary free cortisol (UFC) was greatly reduced in their case and the cyclic secretion was contained by administering a serotonin antagonist. This hypothesis needs to be confirmed, however, because such a response could
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An unusual combination of Cushing's disease and corticosteroid-binding globulin (CBG) deficiency was described in a patient with periodic ACTH and cortisol secretion (24) . Biochemical assessment revealed high plasma free cortisol levels with low CBG concentrations, indicating that it may be useful to measure free cortisol in all such particular cases.
Arnaldi et al. (10) described a patient with a bronchial carcinoid presenting with cyclic CS, initially referred to a neurosurgical unit with suspected Cushing's disease based on indirect signs of a pituitary lesion on MRI (gland asymmetry and minimal stalk deviation). The patient had in vivo ACTH hyperresponsiveness to hexarelin with the simultaneous presence of ghrelin, and both types of receptor (1a and 1b) were detected in tumoral, but not peritumoral lung tissue. After surgical removal of the tumor, the ACTH response to ghrelin disappeared. These data suggest an autocrine/paracrine modulatory effect of ghrelin on bronchial ACTH-secreting tumors.
Peri et al. (25) described a patient with an ectopic CS with a cyclic pattern of hypercortisolism and an intriguing dramatic, but temporary drop in ACTH and cortisol levels during a lung infection occurring in a period of overt hypercortisolism. It is well known that states of hypercortisolism may be complicated by opportunist infections (26) and, in cases of endogenous hypercortisolism, the likelihood of bacterial or opportunist infections is highest in patients with markedly high ACTH and cortisol levels, as in ectopic ACTH secretion (27) , but the mechanism behind the drop in cortisol levels during the infection remains unexplained. The Authors suggested that the inflammatory process may have caused a temporary remission due to the action of inflammatory cytokines with antitumor properties, such as tumor necrosis factor (TNF) alpha (28) .
CLINICAL PRESENTATION
A strong suspicion is required for the diagnosis of periodic cortisol secretion because patients may present with signs and symptoms of CS but normal cortisol values, which may mislead the final diagnosis. A cyclic CS may be suspected, moreover, in patients with fluctuating cortisol values, anomalous reactions to dexamethasone or an anomalous response to medical treatment.
Clinical presentations can vary from a single, outstanding symptom, such as recurrent edema, to a complex clinical syndrome. The cycles can also vary, lasting from a few hours to 85 days (6), sometimes with long disease-free intervals (25) . Evaluation during such intervals may indicate a normal pituitary function, so the syndrome may be suspected particularly in patients with signs of CS but normal cortisol levels, or with conflicting patterns of response to dexamethasone administration. Paradoxical cortisol responses to the dexamethasone suppression test have been reported by several authors (8, 9) . Patients usually present with episodes of biochemical and clinical remission alternating with periods of frank Cushing's disease, characterized by circadian hyperpulsatile ACTH and cortisol secretion. Fluctuations in cortisol secretion by tumors have been studied in depth and explain this paradoxical cortisol response to the dexamethasone suppression test.
We described a patient with cyclic CS due to ACTH secretion of suspected ectopic origin complicated by severe mitral valve insufficiency and an increased bleeding risk due to a lack of high-molecular-weight von Willebrand factor multimers (29) . This last condition was thought likely to be associated with the valve defect (30) . This patient's biochemical data suggested an ectopic origin of the ACTH secretion, but POMC levels were normal, and CT and total body scintigraphy with 111 In pentreotide and PET images were negative. Inferior petrosal sinus catheterization could not be performed at initial diagnosis because of the high bleeding risk due to the hemostatic anomalies. This case demonstrates that Cushing's syndrome is difficult to diagnose, that there is currently no single biochemical or imaging method offering an optimal accuracy, and that the association of CS with other pathologies may complicate the final diagnosis.
Calvo Romero et al. (31) described a patient with four irregular, symptomatic cycles of hypercortisolism before ketoconazole therapy. This patient had a pituitary MRI with an empty sella. The diagnosis of corticotroph adenoma was established by bilateral petrosal sinus sampling after CRH administration and the patient was successfully treated with hypophysectomy. An empty sella is a neuro-anatomical condition common in middle-aged, obese, multiparous females. It usually occurs with headache and visual disorders, and most patients have a normal pituitary function, but Cushing's disease may be present in 2% of cases of primary empty sella (32, 33) .
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WHY CAN PERIODIC CORTISOL PRODUCTION COMPLICATE THE DIAGNOSIS OF CS?
The diagnosis of CS is based on first-line screening tests that include measuring 24-hour urinary free cortisol (UFC), a low-dose dexamethasone suppression test (DST) and late-night salivary cortisol assay. Second-line screening tests include plasma cortisol circadian rhythm with midnight plasma cortisol assay, lowdose (DST) and DST combined with the CRH test (34) . If CS is confirmed, its cause will be classified initially by measuring plasma ACTH levels. If ACTH is suppressed, an adrenal CT or MRI can identify an adrenal lesion responsible for the hypercortisolism. If ACTH is not suppressed, a pituitary or ectopic form will be investigated. ACTH levels tend to be higher in ectopic ACTH-secreting CS than in the pituitary forms, albeit with a considerable overlap. High doses of dexamethasone administrated overnight or in two days partially suppress ACTH secretion from most corticotroph adenomas, whereas ectopic tumors are resistant to feedback inhibition. In adrenal CS, cortisol secretion is autonomous so there is a lack of cortisol suppression after high-dose glucocorticoids.
Most pituitary tumors causing CS respond to CRH and desmopressin (DDAVP) stimulation tests, but there may be a significant overlap in the responses between patients with Cushing's disease and ectopic ACTH secretion, particularly when a DDAVP test is performed (35) .
Clinicians are often obliged to hospitalize patients several times before obtaining unequivocal biological evidence of cortisol excess. Measuring salivary cortisol is an accurate method for assessing plasma free cortisol and a useful tool in the diagnosis of CS (36) . There is also a strong correlation between free plasma and salivary cortisol concentrations (37) . Saliva sampling is simple, noninvasive and can easily be done in an outpatient setting. Repeated outpatient midnight salivary cortisol sampling is a highly-effective option for patients with cyclic CS too.
Imaging needs are guided by biochemical assessments. MRI is the method of choice for Cushing's disease, but a pituitary adenoma is normally seen in no more than 36-78% of patients with Cushing's disease (38) (39) (40) (41) .
Scintigraphy with radionucleotide-labeled agonists for receptors commonly expressed by neuroendocrine tumors is used to seek occult ACTH-dependent disease (42) , sometimes with disappointing results.
Despite improvements in these non-invasive tests, inferior petrosal or cavernous sinus sampling (IPSS or ICSS) is frequently required to differentiate between pituitary and ectopic ACTH production. False negatives have been described using IPSS, however, and many patients thought to have ectopic tumors on the strength of a negative IPSS result remain without a definitive diagnosis (43) .
In most cases, the diagnosis of ACTH-independent CS is more straightforward because an adrenal lesion is usually visible, but difficulties can arise not only in the differential diagnosis of adrenal adenomas and carcinomas, but also with the rare forms of sporadic PPNAD, in which patients may have a normal adrenal morphology (44) .
The presence of cyclic hormonogenesis may further complicate the final diagnosis. Liberman et al. (9) demonstrated the periodic nature of cortisol steroid production in a patient with CS due to a pituitary adenoma who presented with cycles occurring every 85.8 days. The periodicity was associated with hypercortisolism alternating with biochemical remission and paradoxical cortisol response to dexamethasone, which may be the expression of the periodic hormonogenesis, but it is also seen in patients with CS due to PPNAD during a Liddle test -a phenomenon accompanied by an increased expression of the glucocorticoid receptor in PPNAD nodules (45) .
Brown et al. (8) described a patient with CS due to a pituitary adenoma, who presented a paradoxical increase in cortisol after dexamethasone administration: they showed that plasma cortisol levels rose before the first dose of dexamethasone was administered, demonstrating cyclic increases and decreases in steroidogenesis. Theirs was the first accurate description of the apparently paradoxical response to dexamethasone being a purely fortuitous circumstance in a patient with a spontaneously rhythmic steroid production controlled by a mechanism not susceptible to the negative feedback action of steroids. These findings were confirmed and expanded by Atkinson et al. (46, 47) , who described a patient with cyclic CS due to a pituitary adenoma whose cortisol secretion followed two different rhythms, i.e. a 40-day period of cortisol excess was followed by 60-70 days of normal cortisol secretion; during the period of excess of cortisol production, cortisol secretion peaked every 3-6 days, with intervening troughs of normal cortisol levels.
The cyclic pattern of hypercortisolism demonstrated by the clinical and biochemical remission is variable and, though it is unusual, long-term remission may occur before recurrence (25) , particularly in ectopic CS.
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THERAPY
In terms of the approach to their treatment, patients with cyclic CS do not differ from those with nonintermittent CS, but it is important to bear in mind that it is not uncommon for the former to experience phases of relative adrenocortical insufficiency when medical therapy is initiated, so an accurate follow-up is needed during treatment to avoid this complication.
Moreover, in patients with cyclic CS, the risk of variations in steroidogenesis and the possibility of episodes of hypocortisolism may make the results of drug studies and surgery misleading, which must be considered with caution.
The goals of treatment for patients with hypercortisolism due to ACTH-secreting adenomas include normalizing plasma ACTH and serum cortisol values, shrinking the tumor and preserving pituitary anterior function. Pituitary neurosurgery is the first-line treatment for ACTH-secreting pituitary adenomas. Experienced surgeons achieve an initial biochemical remission in 70-80% of cases, but a significant number of recurrences are seen during long-term follow-up, the rate ranging between 9% and 23% (48, 49) . Pituitary radiation is reserved for patients failing to respond to surgery, but this treatment may only be effective after several years and it causes a high rate of pituitary insufficiency (50) .
Although significant advances have been made in the medical management of CS, the challenge remains to find drugs acting on the etiology of the different forms of the disease.
Currently-available drugs that inhibit steroidogenesis, e.g. mitotane, metyrapone, aminoglutethimide, and ketoconazole, can correct hypercortisolism, quickly normalizing the mean daily plasma cortisol levels in 75% of patients with CS but they have little impact on tumor growth and can induce hepatotoxicity (51, 52) .
The competitive glucocorticoid antagonist mifepristone (RU-486) has been recommended for the treatment of patients with CS. It can lead to a symptomatic improvement but only small series have been evaluated so far (53, 54) .
Successful medical treatment would mean having drugs capable of treating the etiology of CS. Following numerous studies demonstrating which substances are involved in regulating the hypothalamopituitary axis, increasing CRH and ACTH release, neuromodulator drugs have been proposed to treat the pituitary forms of CS. Serotonin agonists (cyproheptadine, ketanserin, and retanserin), and also GABA agonists such as sodium valproate (55, 56) have been studied, but they have rarely shown real clinical efficacy when used alone and their long-term utility appears to be limited.
The presence of dopamine receptors (D2 subtype) in prolactin-secreting pituitary adenomas has led to dopamine agonists finding a major therapeutic application in the treatment of these tumors, since they are effective in suppressing PRL secretion and inducing tumor shrinkage (57) . Treatment with bromocriptine has been investigated in ACTH-secreting or corticotroph pituitary tumors, but with controversial results (57, 58) In recent years, new prospects for treating pituitary adenomas have emerged from studies on PPARγ expression and the effect of PPARγ ligands on hormone secretion and cell proliferation, but clinical data have produced controversial results (60, 61) .
Octapeptide somatostatin analogs proved to be potent inhibitors of ACTH secretion in patients with Nelson's syndrome (62) and in patients with neuroendocrine tumors (63) . However, no suppressive effect of octreotide was demonstrated in patients with Cushing's disease. Octreotide and lanreotide bind preferentially to somatostatin receptor-2 (SSTR-2) and the results obtained in patients with Cushing's disease might be explained by somatostatin receptor down regulation by hypercortisolemia (64) . SOM230 is a novel somatostatin analog with a high affinity for binding to human SSTR 1, 2, 3, and 5 (65) and, because of its broader binding profile, it is likely to be clinically useful in treating tumors resistant to SSTR-2 preferential analogs.
Somatostatin receptor-specific analogs (BIM-23190 and BIM-23268) and chimeric analogs which bind both somatostatin and dopamine D2 receptors such as BIM-23A760 and BIM-23A781, have been studied particularly in cell cultures from human GHsecreting pituitary adenomas (66, 67) , but their efficacy in corticotrophin tumor cells remains to be elucidated.
Lastly, the identification of ectopic or abnormal hormone receptors in adrenal cortisol-secreting nodular hyperplasias has given rise to new opportunities to use specific pharmacological therapies (68) (69) (70) .
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CONCLUSION
Cyclic CS poses unusual diagnostic problems. The syndrome should be suspected in patients with symptoms or signs of CS but normal cortisol levels, or with fluctuating cortisol values, or anomalous responses to dexamethasone. Between cycles, patients may have a normal pituitary function, so dynamic test findings are best interpreted if the tests are conducted during a sustained period of hypercortisolism. Confusing results of standard 2 mg and 8 mg dexamethasone suppression tests suggest a spontaneous fluctuation in adrenal secretion that needs to be confirmed by extended periods of observation.
Given the possible variations in steroidogenesis, the clinical and biochemical response to medical treatment and the results of drug studies and surgery in cyclic CS must be interpreted with caution.
